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Overwhelming mutations or SNPs of SARS-CoV-2: A point of caution
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A B S T R A C T

The morbidity of SARS-CoV-2 (COVID-19) is reaching 3 Million landmark causing and a serious public health
concern globally and it is enigmatic how several antiviral and antibody treatments were not effective in the
different period across the globe. With the drastic increasing number of positive cases around the world WHO
raised the importance in the assessment of the risk of spread and understanding genetic modifications that could
have occurred in the SARS-CoV-2. Using all available deep sequencing data of complete genome from all over the
world (NCBI repository), we identified several hundreds of point mutations or SNPs in SARS-CoV-2 all across the
genome. This could be the cause for the constant change and differed virulence with an increase in mortality and
morbidity. Among the 12 different countries (one sequence from each country) with complete genome se-
quencing data, we noted the 47 key point mutations or SNPs located along the entire genome that might have
impact in the virulence and response to different antivirals against SARS-CoV-2. In this regard, key viral proteins
of spike glycoprotein, Nsp1, RdRp and the ORF8 region got heavily mutated within these 3 months via person-to-
person passage. We also discuss what could be the possible cause of this rapid mutation in the SARS-CoV-2.

The pandemic Corona Virus Disease 2019 (COVID-19) caused by
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), is an
urgent public health emergency and made a serious impact in global
health and economy (https://www.cdc.gov/coronavirus/2019-ncov).
The SARS-CoV-2 pandemic is the most serious hit in the last 10 years
and caused more than 170,500 deaths globally and the morbidity of this
viral infection reaching 3 Million landmark (www.coronavirus.gov).
Epidemiologists predict the several more spike in the coronavirus in-
fection could rise in different countries with higher density in popula-
tion (Verity et al., 2020). Since the initial reports on this pneumonia-
causing novel coronavirus (SARS-CoV-2) in Wuhan, China (Huang
et al., 2020), mortality and morbidity are increasing exponentially
around the globe despite several antiviral treatments. With the drastic
increasing number of the positive cases around the world, the World
Health Organization (WHO) raised the importance in the assessment of
the risk of spread and understanding genetic modification that could
have occurred in the SARS-CoV-2 (www.coronavirus.gov). Hence it is
worthwhile to look for any mutations or SNPs in SARS-CoV-2 alone that
could the cause for the constant change and virulence causing increase
in continuing mortality and morbidity.

To this end, we aimed to look for mutations and SNPs in the com-
plete genomes of SARS-CoV-2 worldwide where the sequencing data
was collected using the next generation sequencing and deposited in the
NCBI and all other repository. As of 24th March 2020, out of 172
countries with confirming positive cases, only 12 countries have se-
quenced the complete genome of SARS-CoV-2 (https://www.ncbi.nlm.
nih.gov/genbank/sars-cov-2-seqs/) (Fig. 1). Furthermore, there are
about 106 complete and validated sequence data sets available in the
NCBI database (https://www.ncbi.nlm.nih.gov/labs/virus/vssi/#/)

and (https://bigd.big.ac.cn/ncov/). Surprisingly, we noticed several
hundreds of point mutations or SNPs among the different isolates from
all over the world with different sequence data sets (Fig. 1A and B) and
(Fig. S1A and S2). And 47 key point mutations or SNPs were located
along the entire genome in the sequence just in 12 different countries
(single sequence comparison), these mutations involved in the different
protein-protein recognition (Fig. 1C). Point mutations or SNPs have
great implications for the target drug binding and receptor binding
(Puty et al., 2019). The overall mutations phylogeny shows the 3 groups
(https://www.gisaid.org/) of mutations which are evolved in these
3 months. Predominantly, the mutations were also found in the dif-
ferent vital proteins of SARS-CoV-2 (spike glycoprotein, Nsp1, RdRp
and others) (Figs. S1 and S2) and warrants epidemiologists and medical
fraternity for the use of drug treatment options. This also suggests that
SARS-CoV-2 is highly venerable to have quick changes and mutate even
during the person-to-person transmission. This also helps to overcome
the previous misconception of SARS-CoV-2 may not get mutated during
person-to-person transmission (Andersen et al., 2020). The rate and
number of SNPs or mutations in SARS-CoV-2 within three months of
outbreak underlines the complexity of virus to handle and corroborate
the quick evolution of SARS-CoV-2 (Fig. S3).

We next looked at individual mutations that occurred in the three
different prime proteins (i) outer membrane spike glycoprotein, (ii)
Non-structural protein (Nsp1) and (iii) RNA-dependent RNA
Polymerase (RdRp) (Vankadari and Wilce, 2020; Wrapp et al., 2020;
Narayanan et al., 2008; Miller et al., 2020) (Fig. 1B–D). Foremost in
spike glycoprotein, the mutations or SNPs occurred are surface exposed
and in the solvent-accessible regions some involved in the host receptor
(ACE3 and CD26) binding and Furin cleavage site (Fig. S1C and D)
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(Vankadari and Wilce, 2020; Wrapp et al., 2020; Coutard et al., 2020).
These mutations could make the virus more resistant to receptor
binding inhibitors and some of the antibodies. These warrants epide-
miologists, medical fraternity and pharmacologists to use the antivirals
and antibodies which are compatible and promising to their strain of
SARS-CoV-2 and not to be generalised in some cases. Furthermore, we

also noticed a number of mutations or SNPs in other key proteins Nsp1
and RdRp (Fig. 1B and S1A and S2). Interestingly, most mutations were
also surface exposed and show the high possibility to impede the an-
tiviral drugs.

Although there was only 12 out of 172 countries complete genome
sequence is available for now, genome analysis data is adequate to

Fig. 1. (A) Phylogenetic tree showing the evolution of SARS-CoV-2 from the initial origin China (2020/01/17). The tree represents the mutations or SNPs that
resulted in the evolution of current SARS-CoV-2 in the last three months. Individual countries are colored in as shown in the color key. (B) Position and number of
SNPs across are the genome is denoted with bar graph. (C) The key mutations with change in amino acid observed across the whole genome of 12 countries are listed
and highlighted in red lines. Enlarged view showing the mutations occurred in spike glycoprotein. (D) Bar graph depicting the number of mutations and position is
complete genome.
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prove the rapid rate of mutations and SNPs striking in SARS-CoV-2. The
rate at which SARS-CoV-2 getting mutated and evolved was least no-
ticed till date and it needs further attention and research for the cause
for the rapid genetic alterations and how it can be regulated, which is a
serious concern. The notable mutations in the viral vital proteins (spike
glycoprotein, Nsp1 and RdRp) and at the host or drug integration re-
gion raise the speculation on the changes in the cell entry and response
to the different antiviral treatments. Besides, several SNPs were also
noticed in the other regions such as ORF-1ab (codes for 17 structural
proteins) and ORF-8/10 (Fig. S1A). Furthermore, NSP1 and ORF8 are
two the particular hot spot area, where the mutations and deletions
were noticed in the early onset of infection late January and the rate of
mutations were quickly increased (~35%) then declined or stabilised in
the later passages of the virus (Fig. S1B). It is also interesting to notice
that ORF8 in SARS-CoV-2 is not split into 8a and 8b as observed in
SARS-CoV-1 (Chan et al., 2020; Lau et al., 2015). However, our un-
derstanding of the structure and functional importance of ORF8 is
limited, which need further attention. We also like to extend our dis-
cussion that the observed contact changes in the genome of SARS-CoV-2
is not only limited to mutation or SNPs but also there are several nu-
cleotide deletions and insertions were also noticed across the genome.
These observations has great importance for assessing the increased
virulence and efficacy of antivirals and raises possible cause for the
overwhelming mutations in SARS-CoV-2. One such hypothesis could be
the extensive use of a various combination of antiviral drugs that could
have to lead the sequential mutations in the virus (Manrubia et al.,
2005; Peck and Lauring, 2018; Sanjuan et al., 2010). This study also
warrants the importance of sequencing the whole genome of SARS-CoV-
2 after several passages and key mutations or SNPs should be noted for
the effective drug designing and treatment options such as antiviral and
immune therapy. With the exponential SARS-CoV-2 public-health
emergency, it is essential to know the epidemiology and evolution of
the virus to be prepared for the combat.
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